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ABSTRACT
 
The problems of planning for economic development arise from the inter­
play of the political, social and economic subsystems of a developing country.
 
These problems are characterized by the uncertainty necessarily inherent in
 
any process of planning for the future--uncertainty necessarily inherent in
 
any process of planning for the future--uncertainty arising both from the
 
quantity and quality of available data and from the difficulties of fore­
casting how a large-scale system of complex interactive and feedback rela­
tionships will respond to policy inputs. 
 In this paper, we discuss generalized
 
system simulation as an approach to dealing with these problems. 
We view
 
this approach as a flexible, iterative, problem-investigating process that
 
includes problem formulation, mathematical modeling, testing and refinement
 
of the model, and model application to problem solution--all in close consul­
tation with decision makers. This discussion will be followed by a brief
 
description of policy-oriented, system simulation models of the Nigerian
 
and Korean economies. 
The models consist of detailed regicnal agricultural
 
submodels, an aggregated national nonagricultural submodel, and components
 
*The work reported here was carried out by a multidiseiplinary team.
 
Other members of the team have included: D. R. Byerlee, T. W. Carroll,

H. deHaen, A. N. Halter, M. L. Hayenga, J. H. Lee, G. Page, G. E. Rossmiller,
 
and G. L. Johnson. nroiact dirp'-­
e rwhich uodel- population and, in the +case of Niger ia the int r egional -trade 
in foodi The policy, options the current models are, capable, of investigating 
.include programs to modernize agricultural production and various forms of. 
tax and 6omodity marketing board pricing policies. Finally, we outline 
how the generalized system simulation approach could be implemented within 
the development-planning and policy-making process and indicate some of 
the capabilities and limitations of the approach. 
THE*PROBLEM 
m and Geiger(1 )have defined development planning as: 
*..deliberate, rational, continuous efforts by govern­
meats to accelerate the process of development and to 
channel it into desired directions by means of the com­
prehensive and detailed choice of objectives and the 
determination and allocation of the resource nece­
ssary for their achievement.* (p.272) 
This definition of development planning implies a whole range of complex 
problems which have bedeviled planners. The key words (emphasized above) 
stress the notion that development planning is as much a political effort 
as it is a socioeconomic one. The basic problem which makes planning essen­
tial to the development process is the allocation of scarce resources in an 
uncertain environment of complex interactions maon2 ohvsical. social. 
-economic, and political forces.
 
Two principal types of uncertainty can be identified in this, context: 
state uncertaintyand process uncertainty. Sftate uncertainty arises from S 
a scarcity of reliable knowledge about present and past states of the economy 
and of the ,society in general. In this situation, it is difficult to, 
*Emphasis added.
 
ident.y and measure. needs acdurately .and +to,define eaningful objectives. 
State uncertainty is,+basically a, data problem. 
Process uncertainty, on the other,hand, is much more,han a data prob­
lem; it is primarily a problem of understanding how the socioeconomic system
 
operates as a process, as an evolving behavioral phenomenon. Certainly,
 
in attempting to explain how the system behaves and responds to external
 
stimuli, knowledge of past states is necessary; but it is not sufficient.
 
Theoretical models of causal and structural relationships are also nec­
essary. The-process uncertainty problems encountered by development planners
 
and policy makers make it extremely difficult to forecast even the relative
 
(much less absolute) short- and long-run effects of alternative development
 
strategies. In particular, the degree to which policies aimed at one set
 
of economic and social phenomena may have unintended side effects ("good" 
or "bad") on other aspects of the society is often even more in doubt than 
the direct consequences. In short, even if meaningful development objectives 
could be defined, the optimum path to the attainment of those objectives ­
that.is, the maximization of "goods" and the minimization of "bads"--would 
lie In darkness. 
This suggests another problem: It is virtually impossible to define
 
.an appropriata, objective function to be optimized. The complex physical,
 
social, economic and political interactions involved generate multiple and
 
often conflicting development objectives which cannot all be reduced to a
 
single interpersonally valid common denominator for inclusion in an objective
 
function. Examples might be employment, price stability, politicals stability, 
income and income distribution, nutrition, balance of payments, growth of 
GDP, political participation, education, etc. Furthermore, some objectives 
may not even be quantifiable. In the absence of a decision rule based on 
mathematical optimization, then, human judgement and compromise must be used 
to arrive at a subjective (and political) "1optimum."' Therefore, planners
 
and decision makers responsible for the allocation of scarce developmental
 
resources need information on the many possible trade-offs among objectives
 
under alternative policy conditions.
 
In this paper, we suggest the "generalized system simulation" approach 
as a means of dealing with these problems of development planning and policy 
making. Highlights of this approach, as developed and applied in Nigeria 
and Korea, (2,3) will be described in the next section. This will be 
followed, for illustrative purposes, by overviews of the simulation models
 
developed by Michigan State University of the agricultural economies of
 
Nigeria and Korea with the collaboration of Nigerian and Korean researchers
 
and policy makers. Finally, we will suggest how this approach can be im­
plemented in the development-planning and policy-making process. 
THE GENERALIZED SYSTEM SIMULATION APPROACH 
The formalized problem-solving process, not new to systems engineers, 
contains four distinct phases: specification of needs and definition 
of the problem, identification of a set of feasible solutions, analysis,
 
and selection and itplementation of a solution. Generalized system simu­
lation contributes to all phases of this process with the construction of
 
a mathematical model of the problem and the use of computer simulation tech­
niques to generate numerical solutions of the model under various assump­
tions and policy conditions. The process--including problem definition
 
and model building, testing, validatton, and application-is iterative in
 
nature rather than strictly unidirectional (Figure 1); that is, information
 
gained at later stages may (probably will) indicate a need to return and
 
repeat earlier stages before continuing.
 
Central to the whole approach are the interactions among decision makers,
 
researchers, consultants, and modelers and simulators. These creative inter­
actions are essential not only to properly define the most relevant development
 
problems to be considered by planners and policy makers but also to specify
 
meaningful policy simulation experiments and to interpret the results. As
 
decisions are made through these interactions, both normative (dealing with
 
values) and non-normative (positive) information will be brought to bear. Where
 
it is felt such information is deficient, new information will be sought.
 
Mathematical Modeling
 
In modeling a socioeconomic system, we note that many of the underlying
 
processes of that system are continuous in nature. Others, considered con­
tinuous when viewed in the aggregate, are really made up of discrete events.
 
-.Examples of the former include demographic processes of populations (of
 
people, trees or cattle) aging through time.(4) An example of the latter
 
in the social diffusion of innovations, which may be modeled in the aggregate
 
as a continuous diffusion model or on the micro level as the discrete de­
cisions of individual entrepreneurs.
 
Continuous processes may often be described by linear and nonlinear 
partial and ordinary differential equations. The following oversimplified 
model of a demographic process-which has been used to model cocoa trees 
in Nigeria, fruit trees in Korea and cattle in Colombia- will illustrate this: 
- x(t) -A~t)x~t) + u(t) 
where x(t) - [Xl(t) x2 (t) ... Xn(t)]is the state vector of aggregate ma­
turation rates of the individuals of the population being iodeled (trees, 
cattle, people, capital goods, etc.) through n stages of the individuals'
 
life span; u(t) - [U1(t)/T 1 u2 (t)/T 2 ... u (t)/Tn]'is the vector of controls
 
applied to each life stage, e.g., planting rates, investment decisions,
 
liquidation rates, etc.:
 
81 -c 17(l/T1 ) 02 T2 /Tr ... On / 1
 
l/T2 "02 -(1/T2) ... 0
 
0l/ 3 ... 0 
6 
0 .. lITn -an -(l/?n) 
is the (possibly) time-varying matrix of coefficients;$i(t), i-l, ... s n, 
are proportional birth rates from the n life stages; ai(t). i-lP *..,n. 
are proportional attrition rates (due to deaths, sales, etc.); Tit i1n,..., n, 
are mean maturation times for each of the n life stages; s(t) is the total number 
of individuals in the population; q(t) - [Trl T2x2 *.TnXn]'is the
 
vector of the number of individuals in each'life stagQ; p(t) is the output 
vector of variables which depend upon the age distribution of the population, 
e.g., production from trees, capital goods or livestock, or social services 
demanded by a human population; and B(t) is the "input/output" matrix. 
This model is actually a lumped approximation to a distributed parameter 
process-the aging of the individuals of a population-which would otherwise 
be modeled with partial differential equations. (5)That is, a continuous 
age distribution is lumped into n stages or cohorts. The number of
 
stages n and the time constants Ti, i-l, ... , n, are chosen to give a 
good fit to the probability density function that describes the random life
 
span of individuals. This model structure realistically handles the fact
 
that all individuals in a aggregate population (the state variables are
 
aggregative variables) do not mature at the same rate.(6)
 
In general,, development models must contain both continuous time and 
discrete time variables (actions of decision makers at micro and macro levels 
tend to be discrete in time). It has been found appropriate to obtain 
particular solutions for these large, usually nonlinear, continuous/discrete 
time models with a digital simulation approach. The approach solves the 
differential equations of continuous processes by using numerical integration 
techniques to convert them to difference equations, and the difference equa­
tions of discrete time phenomena are readily handled as is. In most cases
 
it has thus been possible to structure the entire simulation model in terms
 
of recursive first-order difference equations.
 
Conceptually, then, a simulation model of an economic syste .can.be
 
viewed in the following general mathematical form:
 
where:
 
(t) - a vector of variables defining the state of the simulated
 
system at any given time. State variables may include such
 
quantities as production capacities, prices, population by
 
subgroups, levels of technology, etc.
 
r(t) - a vector of output variables, including such performance mea­
- sures as profit, income, growth rates, balance of trade, 
employment, etc. 
a(t) - a vector of parameters defining the structure of the system.
 
--	 These usually involve rates of change of variables between
 
levels and input-output coefficients, such as technical coe­
fficients, behavioral response parameters, price elasticities,
 
migration rates, birth and death rates, etc.
 
0(t) -	a vector of environmental variables, such as world prices,
 
weathdr, atc. 
y(t) - a vector of policy instruments, such as tax policies, production
.0b campaigns, investment alternatives, etc.
 
This general formulation is realized in the hundreds or even thousands
 
of parameters and structural relationships (depending on the size of the
 
model) actually incorporated in the simulation model. Specifications of
 
the model, given the problem definition, requires a multidisciplinary team
 
composed of: l)policy makers'as clientele to insure the model is relevant
 
to their needs and incorporates their perspective; 2) subject matter specialists
 
from appropriate disciplines (e.g., agricultural economists, sociologists, 
agronomists, etc.) to provide the necessary theoretical and empirical data
 
upon which to base the model; and 3) systems scientists with the necessary
 
mathematical and systems engineering skills to put it all together into a
 
reliable, working model. Such multidisciplinary teams were used in con­
structing the Nigerian and Korean models discussed in later sections.
 
Testing, Validation and Policy Aiplication 
Model testing, refinement and validation are closely linked processes.
 
A simulation model is tested both to check its internal consistency and to
 
assure that it is an adequate representation of the real economic system
 
(adequate for the purposes at hand as stated in the problem definition).
 
Tests may include such activities as tuning the model to track recorded
 
time series, conducting sensitivity tests on model parameters and subjecting
 
the simulated system to exogenous shocks or disturbances and observing the 
consequent responses. Test results will suggest refinements and modifications
 
to be made in system structures and parameter values and will indicate areas 
where better data are most needed.
 
For a decision maker to base policy decisions on the experimental
 
results of a model--any model, verbal or mathematical, paper-and-pencil or 
computer--he must have some degree of confidence in tho validity of that 
model, i.e., how well it simulates the relevant behavior of the real system 
or phenomenon it is supposed to represent. As long as the decision maker is 
aware of the model's limitations,perfect validity is not necessary. In­
deed, perfect validity--in the sense of perfect information on the future
 
behavior of the real system under various assumed conditions--is not attain­
able. 
The most important reason for developing a simulation model (in this
 
context) is to provide a laboratory for exploring the consequences of a
 
wide range of alternative plans or management strategies. This is an iterative
 
process involving close interaction among decision makers and system ,ana­
lysts. One simulation experiment can lead to the creative design of a 
new and better one which may involve reprogramming or even basic modifications 
of the model. The objective of such simulation experiments is to unfold a 
set of development strategies that are consistent, mutually reinforcing and 
show how resources could be effectively used to solve the basic problem 
(as defined). 
THE NIGERIAN MODEL
 
Utilizing the generalized system simulation approach described in the 
lest section, a prelimihary, planning-oriented simulation modal of the
 
Nigerian agricultural economy has been developed.* A broad description
 
of this model and its policy orientation follows. More detailed discussions
 
of the mathematical model and its potential applications may be found
 
elsewhere.(2, 49 5, 7)
 
The model 
Th. Nigerian m., ' is composed of three major subodels: the northern 
regional agricultural submodel, the southern regional agricultural submodel 
and the nonagrIcultural/national accounts submodel. In addition, there are 
compontnts which model the national food market and the population. Figure
 
2 indicates the major interactions of these subr-odels as well as the prin­
cipal inputs and outputs of the system.
 
*Under United States Agency for International Development contract
 
AID/csd-1557.
 
o permit considerations of simple questions related'to regional.
 
specialization and interregional trade, a two-region (North and South)
 
commdity-oriented model was conceived. 
In addition, several ecological
 
zones within each region were differentiated to permit more detailed con­
sideration of intraregiunal problems. Although the model is based on 
Nigeria, its oriem.ation toward cattle and both annual and perennial commo­
dities with distinct ecological zones and regions makes its components 
adaptable to a broad range of countries. Indeed, building blocks of the
 
Nigerian model have been adapted and used in Korea, Venezuela and Colombia
 
The basic component structures of the two regional agricultural sub­
models are quite similar. (The Northern submodel is shown in Figure 3.)
 
The nature of perennial commodities, however---trees exhibiting such charac­
teristics of dynamic populations as gestation, growth, maturity and decline-­
considerably complicates the southern submodel, particularly in the land
 
allocation and modernization component, where the population dynamics of
 
trees are modeled (as discussed above) as a distributed parameter process.(5)
 
Briefly, the agricultural submodels allocate land to the available
 
commodities based on profitabilittes perceived by farmers and subject to 
input constraints. From the land allocations, and given commodity yields
 
and other technological coefficients (e.g., factor input rates, marketing
 
losses, etc.), 
the total production of each commodity is determined, and
 
marketing and processing functions are performed. Agricultural processing
 
in the North is modeled with input-output ratios, while in the South, 'jecause
 
of the significance of palm and rubber processing activities to the agricul­
tural producers themselves, processing is modeled in greater detail. 
Finally,
 
economic performance criteria are generated and the agricultural sector
 
accounts are balanced for each region.
 
An additional component'of ,the northern submdel', the cattle production 
component, simulates the meat'and milk production process in traditional and 
modern herd management situations, using inputs of total digestible nutrients
 
(TDN) from grazing and from the production of forage and grain corps.
 
The main interactions between the cattle and annual crops components in
 
the northern submodel occur in the land allocation component where crop land
 
competes with grazing land and in the production component where crop residues
 
contribute to the TDN available to the cattle population.
 
The nonagricultural submodel is an aggregated, ten-sector input-output
 
model of the Nigerian economy. One of the ten sectors, the agricultural
 
sector, is modeled in detail on the micro level by the agricultural submodels,
 
while the nine nonagricultural sectors are aggregated on the macro level.
 
Since the primary focus of the national model is agriculture, the broad,
 
aggregated nonagricultural submodel enables the investigation of key inter­
actions between agriculture and nonagriculture, e.g., agriculture's demands
 
for consumer goods and capital inputs, nonagriculture's demands for raw'
 
materials and food, and rural-urban migration --and how the interactions
 
are affected by, and in turn feed back to affect, the results of agricultural 
development policies. This submodel also constructs the national accounts,
 
..including measures of gross domestic product, consumptio, investment, 
government revenues and import-export balances. 
Two additional components act on the national level. The populatioi 
component simulates (for each region) births, deaths, and the;aging of a 
population lumped into 27 three-year age cohorts. In addition, the tott 
labor force is determined and split betweenagricultural and nonagricultural 
occupations in each region and each ecological zone, and rural and urban, 
food demands are computed. The market and Interregional trade component 
models the national food market. It takes cash food supplies from the 
agricultural submodels and food demands from the population component, 
computes the price of transportation (based on investments in transport 
capacity) and interregional shipments of food, and thus determines the 
market price of food in each region. 
•iPolio!) Orientation 
In this work, effective problem definition required creative interac­
:tion among decision-makers, planners, systems analysts, agricultural econ­
omists and other specialists. The interdisciplinary research team at Mich­
igan State University was fortunate in having available professionals with 
a backlog of experience in the Nigerian agricultural economy. Previous 
collaborations with AID, FAO, and Nigerian planners and policy makers 
provided us with a fairly clear picture of the current governmental aUd 
planning institutions related to the agricultural economy and to the tools 
they use to influence the economy. As a consequence, the model's planning 
clientele, the major policy questions and the corresponding relevant sectors, 
interrelationships, and variables in the Nigerian economy were identified 
and isolated more easily than they might otherwise have been. 
Policy inputs to the agricultural submodels are of three types: 1)
 
production campaigns aimed at modernizing agricultural production, including
 
cattle as well as amual and perennial crops; 2) commodity marketing board
 
producer price-setting policies which either may generate board surpluses
 
to be used for price stabilization or to finance development projecta or may
 
directly benefit farmers with higher producer prices; and 3) income and
 
Other kinds of policy instruments could be added, but
 export tax policies. 

the three included were seen to be both of interest to Nigerian policy makeri
 
at the time the model was defined and general enough to be relevant to other
 
countries of the developing world. Indeed, the consideration of other polic-___ 
should be added to the model as time goes. on if it is to remain relevant 
and useful in a changing world. 
Although the Nigerian simulation model was built, under terms of the 
AID contract, for methodological,purposes rather than for actual application, 
planners and decision makers in Nigeria's Federal Ministry of Agriculture 
and Natural Resources (FMANR) and their consultants in Nigerian universities 
have used the model on two occasions to make policy experiments. On the 
second occasion, two series of runs were made, one of 17 runs testing com­
binations of crop production campaigns with input constraints and various
 
marketing board and export tax policies, the other of five runs investigatin;
 
,alternative cattle production policies. The results of these simulations
 
were analyzed and evaluated by Nigerian officals and were incorporated in
 
a reportconstituting the FMANR's contribution to Nigeria's Third Development
 
Plan, to be launched in 1975.
 
While the Nigerian applications have not (yet) been directly responsible
 
for any actual policy implemuntations, an application of one component of
 
the Nigerian model on another con'tinent has been. The Nigerian cattle
 
model was adapted and used in Venezuela to investigate problems in that
 
country' a cattle industry. ()The model proved 'highly credible' in, the 
eyes of Venezuelan policy makers, a4d a dramatic turn-around in Vsezuela's 
cattle policies (in 1972) was directly attributed, in part, to results 
of the simulation analyses, 
THE KOREAN MODEL
 
Under contracts with the U. S. Agency for International Development* 
a Michigan State University/Korean team was charged with the responsibility 
of developing and applying a simulation model for evaluating alternative 
strategies for rural development in the Republic of Korea. While the de­
velopment of such a model is a large task requiring a number of years, 
model results were required within one year as inputs to the decision­
making processes.(3) This dictated a model development strategy which
 
.included a short-run effort culminating in a preliminary model capable of 
producing the required short term results and a longer run modeling ac­
tivity to refine and expand the preliminary model. In what follows we 
will describe the preliminary model, extensions and refinements which are
 
currently underway, and a summary of results obtained from this first iter­
ation model.
 
The PreliminaryModel 
During the first year of the study with the Korean government, atten­
tion was focused on aeveral alternative strategies for development 
of the country. Initially, the preliminary simulation model was used to 
*AID/cad-2975 and AID/ead-184
 
:	project the consequences througi tlme or. pursuing each or tiree straJe­
giecs These computer results were then evaluated by decision makers and 
were used ,,in the synthesis of a fourth strategy considered by decision 
makers to be "better" than the initial three. This fourth strategy beca 
the strategy recommended by the HSU/Korean team of investigators at the 
end of the first year of the study. The initial three strategies evaluateu 
by the preliminary simulation arebroadly described as follows:* 
1) 	a set of policies which accept the goals of the Third Five-Year 
Development Plan (TFYP) and follow the course outlined by the 
plan through 1985. (The TFYP had as major goals national self­
sufficiency in food and a narrowing of the income gap between 
rural people and the increasingly affluent city dwellers. To 
attain these goals the TFYP programmed extensive investments to 
increase agricultural production and relatively high domestic 
prices of.food.) 
2) 	a set of policies which accept the goals of the TFYP but pursue
 
them more vigorously in terms of level of investment, allocation 
of Investment by category, and modified food price policies 
to further stimulate production and increase self-sufficiency 
by modifying the structure of demand. 
.Alternative IV will be briefly described below in the discussion ti 
.-results. 
3),:. a.set of policies which constitute a "free trade" alternative.
 
This alternative abandoned the goal of food self-sufficiency
 
and investigated some of the consequences of allowing world mar­
kets to determine domestic prices for food and agricultural
 
production inputs.
 
With this as background, we will broadly discuss the preliminary model
 
and how it simulated the consequences of following these three management
 
strategies.
 
As shown in Figure 4 the prelimiuary model disaggregates production
 
into 19 commodities or commodity groups.* 
 On the production side, the
 
model is disaggregated according to three regions within the country, with
 
regions defined according to cropping patterns which are determined funda­
mentally by climatic and topological factors. The model disaggregates consump­
tion of agricultural products according to the 19 crops or crop groups men­
tioned above and also according to a rural/urban classification. Agricultural
 
supply is thus computed as the difference between production and farm consump­
tion plus losses (by items). Rural consumption by item is computed as a
 
function of agricultural income, producer prices, agricultural population and
 
the nutrifional requirements of the agricultural population as influenced
 
..
by age and sex distribution. 
The latter are computed by the population com­
ponent of the model while agricultural income is computed by the production
 
component. The determination of model prices will be discussed later.
 
*They are: (1) rice, (2) barley, (3) wheat, (4) other grains, (5) fruits,
 
(6) pulses, (7) vegetables, (8) potatoes, (9) tobacco, (10) forage, (11) silk,
(12) industrial crops, (j3) beef, (14) milk, (15) pork, (16) chicken, (17) eggs,
(18) fish, and (19) agricultural residual.
 
Urban -consumption of .the .19 food items is computed for 'the urban, pop­
ulation by the urban: demand model shown in Figure 4. This model component 
.also computes the demand of urban people for nonagricultural goods and ser­
vices and interactions between agricultural and nonagricultural demands as 
influenced by growth in total urban income, urban population, and food 
prices. The urban dczand model receives, as time varying inputs, urban
 
population from the population component and total consumption from a macro 
model of the nonagricultural economy.
 
The population migration component in Figure 4 is a linear, discrete­
time state model of the form 
P(t+l) -A (t) P (t) + M(eu,t). 
Here Pis a 160 x 1 vector of population cohorts (40 two-year age classes 
for rural anl urban males and females). The matrix A provides for normal 
aging transitions and time-variant death and birth rates. The latter are
 
functions of government family planning policies. The migration vector H is 
a function of urban employment opportunities e . The assumption in the firstu 
iteration model was essentially that rural people of appropriate age/sex
 
classes would migrate whenever urban employment opportunities became avail­
able. 
As indicated in the figure, the model used in making projections contains
 
a partial model of agricultural production. The production component is
 
partial in the. sense that a number of variables which eventually will be en­
dogenous must now be supplied exogenously. These include crop yields* over
 
time as they are influenced by the three policy alternatives and land areas 
allocated to enterprises (by regions),by an iterative process to be described. 
*Hetric tons per hectare
 
Yield projections for the three policy alternatives were made on the basis 
ofaresearch and field data, estimation of the impacts of government programs 
to promote improved technology, and trend information. Projections of 
total arable land by region were made, including the effects of urbanization
 
and programs to expand agricultural land area. Agricultural price inputs 
to the production model are determined by policies and supply/demand interac­
tions. This component receives agricultural population and labor force from 
the population/migration model. 
Given these as major inputs, the production
 
model computes a number of variables including the following: total produc­
tion by enterprise and region; seasonal production, as during harvest season;
 
seasonal labor requirements; farm consumption and storage of output; sales
 
(supply); gross income by crop (region specific), by region and by sector
 
as a whole; demands for and expenditures on inputs by type (fertilizer, chemi­
cals, capital, labor, etc.) by crop, region and sector; gross profit by
 
enterprise and region; returns above land and labor, to land and labor, by
 
crop by region; gross income per capita by region; and per capita rural
 
intake of calories and protein.
 
We will now describe the iterative approach used to make agricultural
 
sector projections with this model. 
 The approach, used for each alternative 
-management strategy in turn, will be described as it was applied to specific
 
alternatives. To begin the iterative process, the following variables are 
supplied as exogenous variables to the model structure shown in Figure 4.
 
1. Grain prices (rice, barley, wheat) for 1970, 175 , '80, '85 as 
determined by policy for the particular alternative.
 
2. A tentative set of prices for comodities with prices determined 
by domestic supply and demand.
 
3. A projection of total urban consumption for 1970, '759 '809 '85 
(Won/yr). 
(Consistent with Third Five-Year Plan projections,
 
urban consumption is initially assumed to grow at 9 percent under
 
the three alternatives).
 
4. Yield projections (MT/ha) by enterprise, 1970, '75, '80, '85.
 
5. Projections of total arable land by regions, 1970, '75, '80, '85.
 
6. A tentative allocation of land area to crops by region, 1970, '75,
 
'80, '85.
 
Given these inputs, the model shown in Figure 4 was run through time from
 
1975 to 1985. 
In addition to the criterion or performance variables,
 
the model computed over time a number of variables needed for further iter.­
ations of the process being described. These variables included:
 
L. Domestic deficits and surpluses (MT/yr) by commodity by year.
 
. Average produemr ra';P,- aer hectare and per man-year by commodity
 
by year.
 
I. Agricultural sector value added by.year.
 
The first two,variables were used to make changes in commodity prices and
 
crop area allocations for.isubsequent iterations. 
Specifically, nonpolicy
 
determined prices were adjusted upward or downward as a function of net!
 
excess demand.* Land was reallocated on the basis of relative crop pro­
fitabilities, available arable land in each region and constraints imposed 
by regional cropping systems. This iterative process was continued on 
the first two variables until supply-demand equilibrium was approximately 
established over the time interval, 1970-85. 
Given this equilibrium it was possible to carry out iterations between 
the agricultural and nonagricultural models to correct for any significant 
changes in urban demand for agricultural commodities due to changes in 
agricultural imports, exports, and value added away from the values used 
to make initial projections of nonagricultural consumption. These iter­
ations were not important in Korea where agricultural income and value
 
added are a relatively small proportion of national aggregates (about 27
 
percent in 1970 and 18 percent in 1985).
 
Some Results from the Preliminary Korean Model 
Typical output from this iterative process using the preliminary 
Korean simulation model is shown in Table 1 for alternatives I and IV. 
While just a fraction of the information the model is capable of providing, 
the table contains some of the variables which are of major interest to 
decision makers. The table indicates values of the tabulated variables at 5­
year intervals from 1970-85 (the model can provide data for all variables 
*In later versions of the model, the modelcomputes these prices en­
dogenously without iteration.
 
at yearly intervals if desired and for certain variables at sub-yearly 
Intervals). Recall that alternative I is essentially the course Korea 
was following at the time the study was initiated (1971) and that alter­
native IV is the recommendation of the MSU team based on interactions with 
decision makers involving, among other considerations, an analysis of the 
capabilities and limitations of Alternatives I, II, and III. Alternative 
IV emphasized higher prices to farmers and substantial increases in public 
investments in rural development. The primary advantages of alternative 
IV in the view of decision makers were a marked reduction in imported food 
for Korean people (item 28 in Table 1 ), and an improved standard of living 
for rural people (items 15-20 in Table 1). The major disadvantages of 
alternative IV were a modest increase in the urban price index (item 8), 
a net decrease in urban well-being as measured by non-food consumption 
(item 10) and an increase in the level of public investment in rural de­
velopment (not tabulated). 
To date some, but not all, of the policy recommendations contained in 
alternative IV have been implemented by decision makers. These include 
higher prices to farmers, particularly for grains, and increased public 
investment in certain rural development programs. The fact that alterna­
tive IV was not implemented as postulated and the effects of random dis­
turbances (weather, world grain price change, energy price increases, 
etc.) upon system variables make model verification on the basis of this 
one experience tenuous at best. Since the conclusion of the one-year study
 
and associated model application, the original model has been used by the Korean 
government to do analysis and projecti ons in the formulation. of the Fourth 
Jive-Year Plan (1977-1981). 
Refinements and Extensions of the PreliminaryKorean Nodel 
Since the completion of the preliminary model and its use described
 
above, a 
number of refinements and extensions have been undertaken. 
A 
major refinement has been the development of a large linear programming
 
model to simulate the allocation of resources 
(land, labor, and capital)
 
to the 19 production commodities in the three regions of the model. 
This
 
model simulates the behavior of private decision makers and, if tests 
indicate that this approach is feasible, will replace the iterative scheme 
described above for allocating private resources to productioa activities.
 
At the present time this model is being merged and tested with the simula­
tion model shown in Figure 4. 
A major extension to the preliminary model is a grain management 
component. This submodel allows the user to explore some extremely im­
portant management questions relating to government controls which affect
 
gra 
 prices, price stability, government stock levels, grain imports, costs
 
of government grain management programs, foreign exchange deficits, rural
 
i1ncome and a number of other variables. An application of modern control
 
theory is being explored to achieve noninteractive control of rice, barley
 
and wheat prices. 
Optimal control schemes are also being explored as means
 
of simulating the way private entrepreneurs of the country speculate in the
 
purchase and sale of grains.
 
As time goes on, other refinements and extensions will be desirable 
for improving the capability of the model to address relevant management 
questions. These include refinement of the linkages with an improved 
model of the nonagricultural sector, including more behavioral variables
 
in the relationships which determine rural-urban migration and improvement 
of the relationships which determine private consumption, savings, and 
investment.
 
TMPLEMENTATION 
The ultimate objective of developing simulation models such as des­
cribed above is to Implement them as an integral part of the general problem­
solving process outlined earlier (Figure 1).
 
Experience with actual applications of the Nigerian, Korean and 
related models described above has shown that even in their preliminary forms 
the models are useful for analyses of the specific policies (e.g., production 
campaigns and price and tax policies) and the specific problem areas (crops 
and livestock) for which they were designed. (2, 3, 8) However, there are 
many relevant policies and problem areas--elsewhere in agriculture and in 
nonagriculture-which were necessarily excluded from the scope of these 
models. These range all the way from the very micro (e.g., farm decision 
units as producer firms and consumer households) to the very macro (e.g., 
general, inflation). Development being an evolutionary process, the concerns 
of planners and policy makers will range over this whole spectrum of 
problem areas with emphasis changing over time. 
Since no aisngle model can hope to economiclly cover everything of
 
current and potential relevance to policy makers--because of limitations of
 
human and computer resources--implementation of the system simulation approach
 
as described in this.paperl would probably require the development and
 
use of a,hierarchical "library" of generalized models. Models would 
 be 
selected from the library at various levels of aggregation and used in 
concert as appropriate for a specific application; that is, one or more
 
disaggregate models would be chosen to consider interactions within the 
problem area and with related areas, and more aggregate models would be
 
chosen to cover the rest of the economy.
 
A number of preconditions may be envisioned for successful appli­
cation of the approach to problems in the developing countries. These
 
include, in addition 
to the software "library", trained professionals 
(from a number of disciplines) capable of developing and maintaining models;
 
modern medium-to-large scale computers; and an institutional framework within 
which the models can be used interactively as part of the decision-making
 
processes. 
In most countries one or more of these preconditions is missing. 
Clearly, model implementation is itself a "systems" problem that requires a 
holistic approach to organization and the allocation of resources.
 
CONCLUSIONS 
As workers in the development of models for application to complex
 
economic and social problems, we are painfully ofaware the inadequacies 
of our models and approach. These models contain many simplifying assump­
tions, omit many important factors which are difficult or impossible to
 
quantify, usually include inadequate data and'are very difficult to vali­
date. (Validation of these models to date has bean based on extensive tests
 
for logical consistency and tests against historical data generated by the
 
real world(2)). In spite of these limitations, our experience as a team
 
of researchers ' has led usi to: believe that iwell-conceived models canfbe 
useful to decision-makers who are forced to make exceedingly complex 
decisions with or without the aij of formal: models I' and, that such models 
are often worth building. Tha fn11nvina naraafranhsa diseusa soma of the 
reasons for this conclusion.
 
The system simulation approach, as part of the problem-solving process 
(Figure 1), can provide important contributions 'to three broad aspects 
of development planning and policy making: understanding the socioeconomic 
system, formulating development policies, and focusing research activities. 
These aspects are somewhat overlapping; for example, both research and an 
increased understanding of the problem certainly contribute to improved 
policy formulations. 
Detailed analyses of the behavior of a simulation model of the system 
under a range of data and structural assumptions and policy conditions 
provide a comprehensive view of the complex and dynamic socioeconomic system 
under study. This, combined with the model-building process itself­
particularly the identification of causal and structural relationships-­
can contribute substantially to an improved understanding of, and sharpened 
intuitions regarding, the development process in general as well as the 
particular socioeconomic system of concern. For example, sensitivity 
tests will pinpoint sensitive parameters, and the analyses carried out to 
explain the simulated consequences of parameter changes will highlight 
(5)complex interactions of the simulated system. Insofar as the simulated
 
system faithfully represents relevant behavioral patterns of the real system,
 
the heightened understanding can be a valuable asset in reducing some of
 
the uncertainty policy makers necessarily face.
 
A more direct input to the policy-making process is the capability 
of a generalized system simulation model to explore the consequences and
 
Implications of a wide range of development policy options by projecting
 
time paths of relevant output variables under alternative combinations of
 
policies. Using the same data as is 
 available for other approachez and 
techniques, the model takes account of many more complex policies and intei
 
actions than can be done by hand or with models necessarily simplified by
 
the constraints of the specialized techniques used. In this way, a good
 
deal of the uncertainty concerning the system's direct and indirect responses
 
to various policies can be reduced. Another important application of such
 
a model to policy formulation is in dealing with the uncertainty inherent
 
In the quality of the available data. Sensitivity tests, where key parameters
 
are varied in each of a number of alternative policy situations, can be
 
used to evaluate the sensitivity of policies to data uncertainty Alter­
natively, the model can be run in 
a Monte Carlo mode where uncertain para­
meters are assigned probability distributions, a number of runs are made
 
with observations from those distributions, and output statistics are gen­
erated. This is information essential in the search for stable policies,
 
that is, policies which will have the intended results even though pro­
-Jections were based on poor data.(2)
 
A third contribution the system simulation approach can make to
 
development planning is 
as a focus for research activities. There are
 
primarily three ways in which use of a simulation model can provide a
 
central theme to coordirate and guide research. FVrst, sensitivity analyses
 
will suggest data collection priorities to improve the available estimates
 
of the most sensitive parameters and coefficients of the model. Secoudly,
 
the model's application will motivate investigations into structural rela­
tionships among, and the behavior of, component elements of the socio­
economic system. These efforts will be necessary to provide theoretical
 
models for the continual improvement and updating of the simulation model's
 
(or models', in the case of a library) assumptions and representations of
 
the real system and to keep it (them) relevant to the needs and concerns 
of policy makers in a changing world. Finally, technological research 
may be suggested by policy runs speculating on the likely consequences of
 
the introduction of an innovation which may not actually be developed at 
the mozent. Of course, the projected consequences would have to indicate 
that the expense of vndertaking such researc4 and development was warranted. 
As regards the construction and use of libraries of models, the Nigerian 
and Korean models indicate how generalized models can be built and then 
assembled as needed for application to a particular problem situation in
 
a particular country. Components of the Nigerian and Korean models as 
presented here can be taken apart and reused to simulate and analyze other 
entire agricultural sectors or subsectors. (8) The nonagricultural component 
of the Nigerian model can be generally useful in relating the agricultural
 
economies of various countries to their nonagricultural economies. Some
 
of the Nigerian components have already found applicatlon in Korea(3)and
 
some of the Korean components have been found applicable in Tanzania. 
In conclusion, the generalized syetem simulation approach can, given a
 
"critical mass" of data and information about the socio-economic system*, 
be a useful and valuable tool in coping with uncertainty in the development­
planning process, providing a comprehensive view of a complex, dynamic 
*It is our judgmet that a "critical mass" was available, or obtainable 
at reasonable cost, in Nigeria and Korea. This will not always be the case
 
in lesser developed countries.
 
system while at the same tme. facilitating policy experimentation: and 
otivating research. -The approach is characterized by high initial costs 
(reflecting the costs of data acquisition and modeling) but relatively
 
Lowrecurrent costs as models are used to explore a myriad of policy op­
tions. It must be remembered, however, that simulation models, while
 
potentially an integral and important part of the decision-making process,
 
t11 notreplace the decison maker. They will, however, give him more
 
Lnformation, help to identify new and economically feasible policy options,
 
and sharpen his intuition--thus making for better decisions.
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1970 1975 •1980 1985
 
Consequences Units Aft I Alt AV -AtI Alt IV Alt I Alt IV Alt I Alt 1% 
1 Population Total 1000 Per. 31690. 31690. 34673. 34632. 37608. 37180. 40898. 39478. 
2 
3 
4 
Population Urban 
Population Rural 
Calories Rural (Reg. 2) 
1000 Per. 
1000 Per. 
Cal/Cap-Day 
15820. 
15870. 
2630. 
15820. 
15870. 
2630. 
19209. 
15464. 
2620. 
19186. 
15446. 
2602. 
24522. 
13086. 
2680. 
24253. 
12927; 
2676. 
31853. 
9046. 
2747. 
30810. 
8668. 
2787. 
5 
6 
Calories Urban 
Protein Rural (Reg. 2) 
Cal/Cap-Day 
Grams/Cap-Day 
2536. 
65. 
2536. 
65. 
2723. 
65. 
2578. 
65. 
2794. 
68. 
2698. 
70. 
2854. 
74. 
2747. 
78. 
7 
8 
9 
Protein Urban 
Urban Consumer Price Index 
Urban Nonfood Expenditure Total 
Grams/Cap-Dhy 
1970=100 
Bil. Won 
72. 
100. 
858. 
72. 
100. 
858. 
82. 
103. 
1407. 
78. 
109. 
1310. 
87. 
103. 
2358. 
86. 
108. 
2230. 
91. 
103. 
3870. 
90. 
108. 
3669. 
10 
11 
12 
13 
14 
Urban Nonfood Expenditure PC 
Urban Food Expenditure Total 
Urban Food Expenditure PC 
Total Urban Expenditure 
Food/Total 
1000 Won/Cap 
Bil. Won 
1000 Won/Cap 
BII. Won 
Percent 
54. 
592. 
37. 
1450. 
40.8 
54. 
592. 
37. 
1450. 
40.8 
73. 
867. 
45. 
2274. 
38.1 
68. 
964. 
50. 
2274. 
42.4 
96. 
1208. 
49. 
3566. 
33.9 
92. 
1336. 
55. 
3566. 
37.5 
121. 
1723. 
54. 
5593. 
30.8 
119. 
1925. 
62. 
5593. 
34.4 
15 
16 
Gross Ag. 
Gross Ag. 
Income (Agr. + Other) 
Income PC (Agr..+ Other) 
Bl. Won 
1000 Won/Cap 
619. 
39.0 
619. 
39.0 
1028. 
65.8 
1218. 
78. 
1157. 
84.0 
1406. 
102.9 
1376. 
138.8 
1653. 
172.7 
17 
18 
19 
Ag Value Added Total 
Ag Value Added PC 
Returns Per Ha. (rice, Reg. 2) 
Bil. Won 
1000 Won/Cap 
1000 Won/Ha 
509. 
32.1 
147. 
509. 
32.1 
147. 
698. 
44.7 
209. 
886. 
56.7 
321. 
796. 
57.8 
215. 
1038. 
76. 
355. 
934. 
94.3 
205. 
1210. 
126.4 
364. 
20 Returns Per Man-Yr (rice, Reg. 2) 1000 Won/Man-Yr 210. 210. 290. 436. 295. 465. 276. 462. 
21 
22 
Fertilizer Required 
Pesticide Index 
Mil. Mt 
1970=100 
.77 
100. 
.77 
100. 
1.15 
120. 
1.39 
121. 
1.35 
146. 
1.87 
146. 
1.61 
174. 
2.2 
175. 
23 
24 
25 
26 
27 
28 
29 
30 
Capital Required Index 
Expenditure on Fertilizer 
Expenditure on Pesticide 
Expenditure on Capital 
Taxes Paid Index 
Value of Ag. Imports (Less FG) 
Value of Ag. Exports 
Net Export (Export-import) 
1970-100 
BII. Won 
BI. Won 
Bil. Won 
1970=100 
Bil. Won 
Bil. Won 
BII. Won 
100. 
17.8 
6.9 
35.1 
100. 
90. 
14. 
-68. 
100. 
17.8 
6.9 
35.1 
100. 
90. 
14. 
-68. 
146. 
22.4 
6.4 
• 44.9 
156. 
109. 
48. 
-61. 
162. 
27.1 
6.4 
49.9 
204. 
77. 
53. 
r24. 
196. 
23.2 
5.9 
53.0 
185. 
180. 
74. 
-106. 
212. 
32.3 
5.9 
57.3 
252. 
103. 
88. 
-14. 
402. 
24.0 
5.4 
95.9 
230. 
259. 
105. 
-153. 
430. 
33.4 
5.4 
102.6 
302. 
140. 
115. 
-26. 
TABLE 1: Projected Consequences for Alternatives I and IV, 1970-1985 (Korean Agricultural Sector Model) 
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Figure 4. Diagram of the preliminary model of the Korean agricultural sector used to project
consequences of alternative policy strategies.
 
